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INTRODUCTION 
Chandrasekhar and Fermi [l] extended the virial theorem to infinitely 
conducting, inviscid, compressible fluids and showed that for the existence 
of stable equilibrium, it is necessary that the total magnetic energy of the 
system does not exceed its negative gravitational potential energy. 
It is interesting to note that for flows with the magnetic field acting in a 
constant direction (i.e., Transverse MHD Flows) the necessary condition 
for the existence of stable equilibrium is found to be 
3(y - 2) Al < (3r - 4) 1 J-2 1 (1) 
where y is the ratio of specific heats and fif, Q are the total magnetic energy 
and the gravitational potential energy, Condition (1) implies that for mona- 
tomic gases which have y = 5/3, stable equilibrium exists only if the total 
magnetic energy of the system is greater than its negative potential energy. 
This contradicts Chandrasekhar and Fermi. 
For diatomic gases (i.e., y = 7/5) the necessary condition (1) reduces to 
M>-$g. 
DERIVATION OF CONDITION 
The differential equations governing the steady motion of an inviscid, 
thermally non-conducting and electrically infinitely conducting fluid are 
div pu = 0, (2) 
p $ = - gradp + p(curl H) x H + p grad I’, (3) 
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curl(u x H) =: 0, (4) 
u . grad s = 0. (9 
P y Ph Sk (61 
where u = (ul , u2 , ~a) denotes the velocity vector, p the density, p the pres- 
sure, s the specific entropy, J’ the gravitational potential, H the solenoidal 
magnetic field and p the constant magnetic permeability of the fluid. 
Throughout the present work, we consider the magnetic field H to be acting 
in a constant direction. Without loss of generality we assume that 
H = (H, 0,O) wherein H is a function of x. F and z. In view of the 
property that H is solenoidal and Eq. (4), we have 
C3H au -=2 au, 
ax ax = aZr = 0, 
Equation (3), using (7), takes the form 
P’H2 p g = - grad (p + -?) + pgrad JY. 
(7) 
(9) 
Multiplying (9) scalarly by the position vector r and integrating over the 
volume of configuration, we obtain 
“m B pr * $ dx dy dz 
= - ~~:~~, [r . grad ( p + q) - pr . grad I’] dx dy dz. (lo) 
The integral on the left-hand side of (10) can be written as 
where r = 1 r / , drn = p dx dy dzl and 2lf is the entire mass of the configura- 
tion. Therefore, we have 
. . 
Ill . . . 2! pr.$dxdFdz==+$-2T, (11) 
in which I is the moment of inertia and T is the kinetic energy of the system. 
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The first part of the integral on the right-hand side of (10) is 
u ( PH2 - r l grad p + - 
1 - IJ‘S, [div r (,?_ (p + q) div r] d.xdy dz. 
On using the divergence theorem and the fact that div r = 3, we find 
r . grad p + __ 
- 21 ( 
pH’ - CSJ 2 1 dx dy dz 
(12) . PH2 pw =- JI ( P+T > rsdsf3 ‘* s JIlJ ( L’ p+7)dxdydz, 
where S is the surface bounding v. 
We assume [I, 21 that the volume v, over which the integrations are 
extended, includes the whole system so that all the variables p, p and H may 
be assumed to vanish on S. This assumption enables us to write (12) as 
q) dx dy dz = 3 jj.1’ ( p + $) d.v dy dz 
. ‘U 
or 
- ssJ^ r-grad v i 
pLH2 
P+-~- d.rdydz=3(y-l)c’+3M, 
1 (13) 
in which y is the adiabatic constant, Cl and d1 are respectively the internal 
energy and magnetic energy of the configuration. Using (11) and (13) in (lo), 
we obtain 
1 d”I 
2 dt2 
= 2T j- 3(y - 1) c: + 3111 + fin, (14) 
where Q is the gravitational potential energy. 
Equation (14) represents the virial theorem for transverse MHD flows. 
It differs from the general case in the appearance of 3111 in place of M. If 
the configuration is one of equilibrium, then from the virial theorem we have 
3(r - 1) u + 3119 + a = 0. (19 
On the other hand, the total energy, E of the configuration is given by 
E = U + iti’ + Q. (16) 
46 v. I. NATIf 
Elimination of I;’ between (15) and (16), gives 
(17) 
which implies that the necessary condition for the existence of stable equili- 
brium is given by 
3(y - 2) AI < (3y - 4) 1 D 1 . (1) 
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